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Our publication by Coutinho et al.
1 assembled viral gen-
omes from marine viromes and linked these viral gen-
omes to their potential hosts. We then investigated the
relationship between the abundances of microbes (hosts) and
virus-host-ratios (VHR) across samples (see Fig. 6 in ref. 1). We
observed a decrease in VHR with increasing host abundance that
is consistent with independent ﬁndings2,3. That result was
interpreted in the discussion of our original publication as a
relative decrease in lytic viral production. The decrease in VHR
with increasing host abundance is consistent with the Piggyback-
the-Winner (PtW) model, which proposes that lysogeny is the
mechanism behind the decrease in VHR4. Al-Rasheed et al.5
criticized our interpretation arguing that the negative relationship
reported for VHR and host abundance was not indicative of
higher frequency of lysogeny.
This criticism seems to stem from the interpretation of PtW.
In Coutinho et al.1, we refer to PtW as a framework that pro-
poses an increase in lysogeny at high host abundances, resulting
in the decrease in VHR. Al-Rasheed et al.5 refer to the speciﬁc
mathematical formulation presented in Fig. 1B of Knowles
et al4. In Coutinho et al.1, we analyzed how the ratio between
viral and bacterial abundances (y/x) responded to bacterial
abundances following a power function y/x ~ xβ. This test led to
β ≈ –1. Al-Rasheed et al. pointed out that this result masked the
relationship between viral and bacterial abundances, y ~ xα
which resulted in a null slope α ≈ 0 for most virus-host pairs
(see Fig. 1a in Al-Rasheed et al.5). Because this relationship does
not match that of the mathematical formulation in Fig. 1B of
Knowles et al.4, Al-Rasheed et al.5 argued that there was no
evidence to support PtW in our data. However, we do not
restrict our interpretation to the mathematical formulation in
Fig. 1B of Knowles et al.4 because that is an extension of the
Kill-the-Winner formulation modiﬁed so the lytic production
decreases with increasing microbial abundances, with no
explicit lysogenic component.
The results of both analyses (y ~ xα by Al-Rasheed et al.5 and
y/x ~ xβ by Coutinho et al.1) show that the viral abundance did
not proportionally increase upon increase in host abundance.
That is interpreted here, in agreement with previous literature,
as a relative decrease in lytic activity6,7. The rationale is that
high bacterial and viral abundances increase encounters, and
are predicted to increase lytic production in the simplest
possible scenario where all other infection variables are
maintained. However, the rise of defense, lysogeny, or other
unknown mechanism can prevent the increase in viral abun-
dances. Al-Rasheed et al.5 criticized our interpretation that
lysogeny may be the underlying mechanism, and certainly,
lysogeny is not the only possible explanation, as acknowledged
in our original publication.
We also acknowledge that computational strategies to infer
phage–host associations are currently limited, and curtail the
ability to observe associations between phage–host pairs8–10.
Nevertheless, we adopted the best strategies available to infer
these associations. As computational tools improve, so will the
capacity to re-evaluate the validity of the phage–host abundance
patterns presented in our original publication.
Other independent studies have reported ﬁndings that corro-
borate the Piggyback-the-Winner model. The recently discovered
Arbitrium system11,12 demonstrated experimentally not only that
phages can communicate to promote a shift to the lysogenic life
style when encounter rates are high, but also described the
molecular mechanism that controls this switch. Second, com-
parative genomics demonstrated that prophages are more pre-
valent among the genomes of organisms with higher growth
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rates13. Last, metagenomic data obtained from the murine gut, an
ecosystem with high host abundances, has demonstrated that
lysogeny is the preferred strategy adopted by phages in this
habitat14.
Finally, in Coutinho et al.1 we performed no direct measure-
ment of lytic production or frequency of lysogeny, nor did we
claim to do so. We utilized the plethora of publicly available
metagenomic and viromic data to gain insight on replication
strategies. Al-Rasheed et al.’s5 analyses do not contradict the core
interpretation of relatively lower lytic activity with increasing host
abundance. In our original discussion1, we presented rationale
supporting PtW as the underlying mechanism. But more
importantly, we encourage further investigation of viral life
strategies in the light of new hypotheses and data.
Received: 10 July 2018 Accepted: 28 December 2018
References
1. Coutinho, F. H. et al. Marine viruses discovered through metagenomics shed
light on viral strategies throughout the oceans. Nat. Commun. 8, 1–12 (2017).
2. Lara, E. et al. Unveiling the role and life strategies of viruses from the surface
to the dark ocean. Sci. Adv. 3, e1602565 (2017).
3. Wigington, C. H. et al. Re-examination of the relationship between marine
virus and microbial cell abundances. Nat. Microbiol 1, 15024 (2016).
4. Knowles, B. et al. Lytic to temperate switching of viral communities. Nature
531, 466–470 (2016).
5. Al-Rasheed, H. et al. Caution in inferring viral strategies from abundance
correlations in marine metagenomes. Nat. Commun. https://doi.org/10.1038/
s41467-018-07950-z (2019).
6. Thingstad, T. F., Våge, S., Storesund, J. E., Sandaa, R.-A. & Giske, J. A
theoretical analysis of how strain-speciﬁc viruses can control microbial species
diversity. Proc. Natl Acad. Sci. USA 111, 7813–8 (2014).
7. Wommack, K. E. & Colwell, R. R. Virioplankton: viruses in aquatic
ecosystems. Microbiol. Mol. Biol. Rev. 64, 69–114 (2000).
8. Edwards, R. A., McNair, K., Faust, K., Raes, J. & Dutilh, B. E. Computational
approaches to predict bacteriophage–host relationships. FEMS Microbiol. Rev.
40, 258–272 (2016).
9. Paez-Espino, D. et al. Uncovering Earth’s virome. Nature 536, 425–430 (2016).
10. Roux, S. et al. Ecogenomics and biogeochemical impacts of uncultivated
globally abundant ocean viruses. Nature 537, 589–693 (2016).
11. Erez, Z. et al. Communication between viruses guides lysis–lysogeny decisions.
Nature 541, 488–493 (2017).
12. Dou, C. et al. Structural and functional insights into the regulation of the
lysis–lysogeny decision in viral communities. Nat. Microbiol. 3, 1285–1294
(2018).
13. Touchon, M., Bernheim, A. & Rocha, E. P. Genetic and life-history traits
associated with the distribution of prophages in bacteria. ISME J. 10,
2744–2754 (2016).
14. Kim, M.-S. & Bae, J.-W. Lysogeny is prevalent and widely distributed in the
murine gut microbiota. ISME J. 12, 1127–1141 (2018).
Author contributions
F.H.C. and C.B.S. wrote the manuscript. F.H.C., C.B.S., G.B.G., C.C.T., R.A.E., C.P.D.B.,
B.E.D., and F.L.T. contributed to scientiﬁc discussions and revisions of the manuscript.
Additional information
Competing interests: The authors declare no competing interests.
Reprints and permission information is available online at http://npg.nature.com/
reprintsandpermissions/
Journal peer review information: Nature Communications thanks the anonymous
reviewers for their contribution to the peer review of this work.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional afﬁliations.
Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this license, visit http://creativecommons.org/
licenses/by/4.0/.
© The Author(s) 2019
MATTERS ARISING NATURE COMMUNICATIONS | https://doi.org/10.1038/s41467-018-08286-4
2 NATURE COMMUNICATIONS |          (2019) 10:502 | https://doi.org/10.1038/s41467-018-08286-4 | www.nature.com/naturecommunications
